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PLATES X-XIV. 
It  has  been  often  pointed  out  that  the  theory  which  gives  to 
tumors an origin from misplaced embryonic tissue deals only with 
formal genesis, not with causal.  As Bashford says,  "Tumor  dis- 
obeys  the  developmental  laws  regulating  embryonic  growth." 
Transplanted embryonic tissue wiU proliferate for a  time, and may 
give rise to a  teratoma that endures with the life of the host; but 
it  shows a  tendency to  differentiate, and  its  growth is  of  limited 
nature--two  characters  which  sharply  distinguish it  from tumor. 
A  causal element which would explain its transformation into the 
latter is as much lacking as in the case of normal adult tissue. 
Various  experimental  attempts  have  been  made  to  stimulate 
implanted  embryonic  tissue  to  malignant  growth.  NeuNiuser  1 
implanted organs  at  nearly  the  same  site  in  adults  that  they had 
occupied  in  the  fetus,  and  he  obtained  by  this  method,  in  one 
instance, a growth much like a true neoplasm.  His results are still 
unconfirmed.  Petrow  2 and  Askanazy  3 attempted without success 
to  stimulate with  Scarlach  R.  grafts  of  embryonic tissue.  Aska- 
nazy employed also four per cent. ether water and obtained by this 
means  an  excellent  growth,  but  no  true  neoplasm.  Alessandri  4 
resorted  to various  physical and  chemical methods without better 
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result.  And  lastly,  Shattock,  Seligmann  and  Dudgeon, ~ assuming 
some  inhibitive  substance  to  be  responsible  for  normal  growth- 
cessation,  have  repeatedly  injected  embryonic tissue  into  the  same 
individual,  hoping  thus  to  neutralize  the  inhibiting  agent,  after 
which  unlimited  growth  might  be  expected  t.o  occur;  but  their 
attempts were not successful. 
My own experiments  to be described in this  paper,  though  fruit- 
ful in other ways, must be classed with these as constituting  an un- 
successful  effort  to  stimulate  embryonic  tissue  to  malignancy. 
They were suggested by an instance  of sarcomatous  change  in  the 
stroma of a transplantable  carcinoma,  such as was first described by 
Ehrlich  and Apolant, 6 and Loeb.  7  The  evidence in these cases for 
a  direct  stimulation  of normal  tissue  to malignancy  is  strong,  and 
it has been rendered  stronger  by Russell's  s  demonstration  that  the 
length  of  time  during  which  the  carcinoma  and  stroma  are  asso- 
ciated  is  important  in  determining  the  malignant  change.  Acting 
on  the  idea  that  in  this  association  embryonic  tissue  might  prove 
more  susceptible than  adult,  I  have  mixed  it  with  tumor  and  im- 
planted  the two2  Nodules were 'thus  obtained  in  which both had 
grown, sometimes intimately, but in the embryonic cells no tendency 
to a  neoplastic change was noted.  Perhaps the  results would have 
been  different  had  there  been  available  a  carcinoma  with  a  ten- 
dency to  cause a  malignant  change  in  its  stroma.  These  growths 
are  rare.  For  two experiments,  however,  a  sarcoma  of  Ehrlich's 
that  had  arisen  from the  stroma  of a  carcinoma  was  employed. 
The  principal  facts  ascertained  on  examination  of  the  nodules 
concern the conditions under which tumor and embryonic tissue can 
live side by side.  The behavior of every tumor in its host, whether 
that  be a  rat or a  man,  gives data concerning a  similar  relationship 
between normal  adult tissue and the neoplasm.  Further  than  this, 
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Apolant  1°  by implanting  together  tumor  cells  of various  sorts  has 
determined  some of the  factors  in  the  adjustment  of neoplasms  to 
one another.  But' the possibilities have not been exhausted. 
TECHNIQUE  OF THE EXPERIMENTS. 
Throughout the  present  experiments use has  been made of tumor 
and embryo from the mouse.  These have been chopped to a semi- 
solid consistence, and injected, alone or mixed,  into the lateral  sub- 
cutaneous  tissue  of  other  mice.  The  embryos  were  from  0. 9  to 
1.6  centimeters  in  length,  that  is  to  say,  about  eight  to  five  days 
from term,  at which period no difficulty is experienced  in  reducing 
them to a  mass that  can be readily injected through  a  needle.  The 
tumors,  except  for  the  sarcoma  already  noticed,  were  adeno-car- 
cinomata  which  had  arisen  and  been  propagated  in  New  York 
mice.  Care  was  taken  to  pick  out  " healthy"  portions  and  these 
were  reduced  to  the  same  pulpy  state  as  the  embryos.  Intimate 
mixtures of the two in equal parts were made, and a drop or two of 
mouse serum added when the material  could not be drawn  into  the 
syringe  without  it.  This  seldom  happened.  The  amount  used 
as a  graft  was o.o2  cubic centimeter,  sometimes  double this  quan- 
tity.  Observations  were  made  upon  twelve series,  each  consisting 
of  ten  to  thirty  mice. 
CONDITIONS  REGULATING  THE  MIXED  GROWTH. 
Growth of both elements in a mixed implantation  does not always 
take place.  A  balancing  of "avidity" is  necessary,  such  as Apol- 
ant  had  recourse  to  in  his  mixtures  of carcinoma  and  sarcoma,  in 
order  to  prevent  one  from  outgrowing  the  other.  When  embry- 
onic  fragments  have been implanted  with  the  Ehrlich  sarcoma,  the 
nodule that results after seven days consists almost wholly of tumor. 
By two methods, the cells of the embryo have been crowded out of 
competition.  The  tumor  has  proliferated  so  rapidly  that  its  zone 
of  active  tissue  has  extended  beyond the  region  of  the  embryonic 
10 In  a  work  that has just come to  my attention,  Etiologla  del  cancro  (Rome, 
I9o9),  G.  Fichera  describes  briefly  a  similar  experiment.  The  tumor  he  used 
(a  sarcoma  of  the  rat)  did  not  influence  the  embryonic  tissue  to  malignancy. 
At first the embryo and tumor grew together,  but later the embryonic  fragments 
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fragments,  which,  together with  the  neoplasm  in  their  neighbor- 
hood,  are  soon  overtaken by necrosis; and  where it  happens  that 
both  tumor cells  and  those  of  the  embryo have  survived  side  by 
side, the proliferation of the la¢ter is in some way retarded, presum- 
ably  through  appropriation  of  their  nourishment  (plate  X,  Figs. 
I  and  2). 
When associated with a  less  rapidly growing neoplasm, or with 
one that possesses  an abundant stroma, the fragments of the embryo 
develop more  fully.  Plate XI,  Fig.  3,  shows part  of the  growth 
from a mixture of adeno-carcinoma and embryo.  The tumor, sup- 
ported  by  a  considerable  stroma,  grew  almost  as  rapidly  as  the 
Ehrlich  sarcoma,  though  with  less  tendency to  necrosis;  and  the 
bits of embryo developed in its midst.  Here the constitution of the 
nodule  was  such  that  the  two  tissues  were  separated  by  stroma 
and  came into little  immediate competition.  Such competition as 
existed on the  seventh day after  implantation  (when this  nodule 
was examined) may be thought to have expressed itself in a demand 
on the host, not on individual capillaries.  Earlier, before an ade- 
quate vascularization of the injected mass has taken place,  a  more 
direct  rivalry  for  food  presumably  occurs.  Certainly  the  frag- 
ments of embryo develop less perfectly in such mixtures than when 
implanted alone. 
A  delicate, slowly growing tumor introduced with fragments of 
embryo is rapidly outgrown and enveloped by them.  Thus it hap- 
pens that one finds islands of tumor deep in a  nodule made up  for 
the  rest  of  embryonic tissue  (plate  XI,  Fig.  4).  These  islands 
show no sign of degeneration to suggest that they are injured by a 
direct competition with the embryonic tissue about them.  Never- 
theless, the neoplasm fares badly in the end, because the retrogres- 
sion and necrosis, which after a week or two overtake the mass of 
embryonic tissue,  involve also  the  tumor within  it. 
Perhaps  to  this  cause may be  ascribed the  failure of  some at- 
tempts  to  utilize  the  angiotactic influences of embryonic tissue  in 
the propagation of tumors.  Attention has been called elsewhere  ~1 
to the  fact that embryo grafts evoke from the host a  surprisingly 
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rich vascularization.  The  idea suggested  itself that  this  character 
might be turned  to the support of delicate tumors unable on trans- 
plantation  to elicit a  stroma of their own.  Accordingly,  a  mixture 
of embryonic tissue  and  a  tumor  of this  nature  was  implanted  in 
one flank of a  number of mice, and tumor alone in the other.  The 
latter grafts were the more successful. 
RELATIVE SUCCESS OF  TUMOR AND EMBRYONIC TISSUE. 
Judging  from  the  evidence  of  all  the  implantations,  embryonic 
tissue  of the  mouse grows  in  a  larger  percentage  of animals  than 
the  majority  of  mouse  tumors,  but  in  a  smaller  percentage 
than  such  active  growths  as  the  Ehrlich  sarcoma.  Even  at  the 
period  of  liveliest  activity  after  implantation,  it  shows  no  prolif- 
erative  energy  comparable  to  the  sarcoma's,  or  indeed  to  that 
of some  carcinomata.  It  is  true  that  these  conclusions  are  based 
upon experiments made with  embryonic tissue that  was well along 
toward  term;  and  it might  be that  cells taken  at  an  earlier  period 
would compare more  favorably with neoplasm,  both  in  transplant- 
ability  and  in  proliferative  energy.  But  M.  yon  Tiesenhausen  1~ 
has  shown  that  the  cells  of very early  embryos do  not  withstand 
transplantation  even  into  the  mother. 
:MORPHOLOGICAL RELATIONS IN  THE  MIXED GRAFT. 
The  morphological  relations  of  growing  tumor  and  embroyonic 
tissue in the  mixed  graft  will  now be taken  up.  Here cell  differ- 
ences  prove,  in  the  main,  subsidiary  to  the  mechanics  of  growth. 
The  two tissues may be found  in  intimate  association,  and  not  in- 
frequently one utilizes the other for its support  (plate XII, Fig.  5)- 
It  is probable  that  in  most  of these  instances  the  picture  is  some- 
what  misleading,  since  close  examination  discloses  a  scanty 
stroma separating the two.  This stroma may be derived either from 
the  host or  from the  embryonic tissues,  but only in  the  latter  case 
can  the  structural  relation  between  tumor  and  embryo  be  con- 
sidered  very  close.  Where  tumor  islands  are  completely  sur- 
rounded  by  proliferating  embryonic  tissue--which,  as  a  rule,  is 
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penetrated  very slightly  by  cells  from the  host13--there  probably 
occurs some real adaptation of the connective-tissue cells of the em- 
bryo in  support  of the tumor.  That this  should take place is  not 
strange,  considering how  tumor  adapts  normal  adult  tissue  to  its 
structural purposes. 
DIRECT  UNION  BETWEEN THE  EPITHELIUM  OF TUMOR  AND EMBRYO. 
A yet more intimate relationship was observed in the direct union 
of tumor epithelium with the stratified squamous epithelium of the 
embryo (which latter on its growth in the new host tends to assume 
the  adult  form).  A  union  of  the  sort  was  several  times  noted. 
The cells were not merely juxtaposed,  but  were joined to  one an- 
other  and  somewhat intermingled  at  the  meeting-point.  In  plate 
XII, Fig. 6, is shown a typical instance, and the accompanying out- 
line  drawings  from  serial  sections  indicate  how  the  union  came 
about  (plate XIII, Figs. 7, 8, and 9).  The bit of tumor figured is 
part of a larger mass, so the possibility that here one is dealing with 
a  skin appendage  can be  ruled out.  The  drawings show that  the 
tumor  epithelium  and  that  of  the  embryo  proliferated  along  the 
rift between necrotic and healthy tissue.  Thus, tongues of the two 
came end to end and a union followed.  Such a result is not always 
obtained; the normal and the neoplastic cells may lie  side by side 
yet  quite  discrete  (plate  XIV,  Fig.  IO).  But  when  union  does 
occur, the cells are sometimes intermingled to  such an extent that 
the one tissue may be said to pass  into the other,  so  far as this  is 
possible  of  tissues  quite  unlike  (plate  XIV,  Fig.  II).  The  car- 
cinoma of Fig.  I I  has long been propagated and has never shown 
any metaplasia to the squamous  form. 
Pictures  of this  sort  may be  looked  for  in  vain through  many 
sections which show an intimacy of the growing tumor and embry- 
onic tissue.  And this is easy to understand.  Many mouse tumors 
form  small  closed  acini,  a  circumstance which  renders  relatively 
slight the chance for their cells to meet directly the epithelial cells 
of  the  embryo.  The  very  slight  infiltrative  tendency  of  mouse 
carcinomata in general, and the rapidity with which the epithelium 
of  the  embryo  rounds  into  cysts  after  its  implantation  are  other 
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factors  which  tend  to  render  uncommon a  direct  meeting of  the 
two.  Yet  when  such  a  contact  does  occur  it  may  result  in  the 
union of quite dissimilar types of epithelium.  An adeno-carcinoma 
may join and become directly continuous with a  stratified, squamous 
epithelium possessing  hair-follicles  (plate  XII,  Fig.  6,  plate  XIII, 
Figs.  7, 8, and 9). 
BEARING  OF  THIS  OBSERVATION. 
The  bearing  of this observation  is not  far to seek.  For  if such 
a  union  can  occur  between  normal  and  cancerous  tissues  of  dif- 
ferent type, it would seem much more likely to take place between 
such  as  are  similar,  for  example, between an  epithelioma and  the 
skin about  it.  A  denuded surface between the two,  caused by ul- 
ceration and  kept clean,  would give abundant opportunities  for  an 
extension  and  union  of  the  sort  here  described,  with  a  result  in 
much more  deceptive  pictures.  Furthermore,  a  carcinoma  of  in- 
filtrative  tendency  might  penetrate  through  the  basement  mem- 
brane to the normal epithelium and  so come to unite with it.  In- 
deed,  several  authors  14  have  maintained  on  histological  evidence 
that  secondary  union  takes  place  frequently in  both  these  ways; 
and a  few have held to the extreme view that all instances of con- 
tinuity  between  normal  and  carcinomatous  tissue  are  secondary. 
Borrmann  1~ has collected many histological specimens which more 
or  less  strikingly  support  this  contention.  Yet  in  the  absence  of 
direct  evidence,  the  prevailing opinion  among  pathologists  is  still 
that  the  continuity between normal and  carcinomatous  epithelium 
denotes,  as  a  rule,  an  origin of the latter  from the  former,  a  his- 
tological  gradation  between them  rendering  this  in  individual  in- 
stances quite certain.  16 
The general truth of the concept may not be affected by the ob- 
servations reported in this  paper.  While they prove that  a  secon- 
dary  union  between  normal  and  carcinomatous  epithelium  does 
occur,  yet  they  leave  untouched  the  question  of  its  frequency. 
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They show that with the union there may come some intermingling 
of cells, yet they do not demonstrate that a  true histological grada. 
tion may also  result  from it.  Nevertheless,  it  can hardly be  dis- 
puted that where normal and carcinomatous tissues of similar type 
are continuous it might be most difficult to  distinguish a  mingling 
of the cells from a  histological gradation between them.  In view 
of  this  fact  and  of  the  occurrence  of  secondary  union  between 
normal  and  carcinomatous  epithelium,  as  now  demonstrated,  the 
pathologist  can no longer accept without circumspection the histo- 
logical picture of continuity as proof of the origin of a  carcinoma 
from a  normal tissue. 
SUMMARY. 
Implanted mixtures of mouse embryo and tumor sometimes result 
in an excellent growth of both.  To assure this, it is necessary that 
the tumor selected be one which proliferates slowly, because more 
active ones prevent the development of the  fragments of embryo. 
Transplanted  embryonic tissue  (of the type used)  does not,  at  its 
best, grow as rapidly or in so large, a  percentage of hosts as  some 
tumors. 
The morphological relations between tumor and embryonic tissue 
in  the  mixed  graft  are  often  intimate.  Apparently  either  may 
adapt  the  other  to  its  structural purposes.  Occasionally a  direct 
union  takes  place  between  cancerous  epithelium  and  that  of 
the embryo, with result in pictures suggesting an origin of one from 
the other.  This  observation has  considerable  significance in  view 
of  the  current  reliance upon  just  such  histological  data  to  prove 
that  cancer arises  from normal  epithelium. 
EXPLANATION  OF  PLATES. 
PLATE  X. 
Fro.  r.  Part  of  a  mixed graft  of  mouse-embryo  and  mouse-tumor  (Ehrlich 
sarcoma)  after  seven  days  in  the  host.  The  embryonic  fragments  have  suf- 
fered  in competition  with  the  tumor  and  are  in  large  part  necrotic.  One  small 
cyst and  a  bit  of  cartilage  of  embryonic  origin  are present.  That  the  host  was 
in reality favorable to growth  of the embryonic tissue  is  shown by Fig.  2. 
Fro.  2.  A  graft  of  the  same  embryonic  mass  removed  from  the  other  side 
of the same host.  There  are present  cysts  lined by epithelium  of  various  types 
and several well-grown pieces of cartilage. Peyton Rous.  247 
PLATE XI. 
FIG, 3.  Fragments of  embryo growing in the midst of  an adeno-carcinoma. 
Graft seven days  in the host. 
Fro.  4.  Islands of  tumor  in the  midst  of  a  graft  in which  the  embryonic 
tissues have  predominated.  Graft  six  days  in the host. 
PLATE  XII. 
Fio. 5.  Cyst of  embryonic origin utilizing sarcoma cells  for  its support. 
Fro. 6.  Direct  union of  squamous  epithelium of  embryonic origin  and  the 
epithelium of an adeno-carcinoma.  The bit of tumor shown is part of a larger 
mass  ][plate X,  Fig.  9).  The  possibility that  here  one  is  dealing with  a  skin 
appendage can be ruled out  (see plate X). 
PLATE XIII. 
E.  Squamous epithelium of  embryonic origin, lining a  cyst. 
N.  Necrotic tissue. 
C.  Adeno-carcinoma. 
H.  Hair follicle. 
The  three  figures  (Figs.  7,  8,  and  9),  drawn  with  a  camera  lucida  from 
different points in serial  sections,  indicate how  the  union in plate XII,  Fig.  6 
came  about.  The  tumor  (black)  and  the  squamous  epithelium  (gray)  were 
separated  by  the  necrotic mass  (light  gray).  In  proliferating,  they  extended 
along its margin in the rift between  ~  it and the healthy tissue and thus met end 
to  end.  In  Fig.  8,  a  hair  follicle is  seen. entering the  wall  of  the  cyst  lined 
by squamous epithelium.  In Fig 9,  a  dotted square encloses the area  shown in 
plate XII, Fig. 6. 
PLATE  XIV. 
Fro. Io.  Squamous epithelium and carcinoma cells  which have met but have 
not united. 
FIG. 11.  Union  between  an  adeno-carcinoma and  the  stratified  squamous 
epithelium of a mouse embryo.  At the center of the photograph the carcinoma 
and  squamous  epithelium  are  united. I~Isewhere  connective  tissue separates 
them.  The carcinoma used has never shown any metaplasia to the squamous 
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FIG.  I. 
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FIG.  3" 
Fic. 4. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XIII.  PLATE  Xll. 
FIG.  5' 
FIG.  6. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  Xlll.  PLATE  Xlll 
FIG. 7' 
FIG. 8.  FIG. 9. THE  JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL. XIII.  PLATE  XIV, 
FIG.  IO. 
FIG.  I I. 